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1 INTRODUCTION

For the purpose of realizing the ocean space uti-
lization, construction of very large floating struc-

tures (VLFS) is now being considered in the vari-

ous fields concernecl. Recently in .Japau, in order to
promote research and development of J’ LFS and put
them to practical use, Technological Research Asso-
ciation of Mega-float (TRAM) was organized in 1995

by the united effort of both Japanese industries of
shipbuilding and steel making, TRANI constructed

large floating structure models for field experiments
and moored them off Oppama of Tokyo Bay shown

in Figure 1, In the first experiment, ~’ailed Phase-1,

which was carried out from 1995 to 1997’, a floating

structure model with horizontal scales of S00 meters

by 60 meters ~vas constructed for the pllr-pose of re-
search and development of elemental tcchno]ogies to

realize VLFS 11. .~ft er then, the second experiment
called Phase-2 started from 1998, which is planned

-?). In Phase-2 experiment,to cent inue for three yearti

a larger floating Structure model, whose length is
1000 meters and the maximum width is 120 meters,

was construt:ted in order to examine the feasibility y of

VLFS for the Iltility as an airport. The lorations of
Phase- 1 and Phase-2 models are shown in Figure 1.

It is expected that, the impact of \:LFS on the
natural environment is insignificant. I{owever, be-

fore the Mega-ftoat projects st art ed, there was little

actual data. proving that VLFS has lm.s adverse ef-
fect on the surrounding environment. Therefore, it
was an urgent matter to rxamine the extent of VLFS
‘s influence on marine environment,. There are two
main approaches to examine the e]3vironmental im-

pact by VLFS. One of them is the dirmt nlonitor-
iug of marine environment around such structures.

The authorb rarried out continuous observation of
physical environment such as water telllperature and
salinity below and around V1. FS model in Phase-1

experiment of il[ega-float project3J. The other effec-

tive approach is numerical simulations. The authors

idso devrloppd a numerical model to predirt rurrents,

temperature, salinity, and density field in estuaries

under the influences of VLFS”4J. In this paper, some

results of the field measurement and the numerical
simulation carried out by the authors are reported.

2 FIELD MEASUREMENT FOR
PHASE-1 MODEL

2.1 Measurement site and instruments

The Mega-float model for Phase-1 experiment

had been moored off Oppama in Tokyo Bay from

July 1996 till December 1998. The mooring site is
at a distance of about 250m apart from a fitting out

basin of the Oppama Shipyard of Sumitomo Heavy
Industries (see Figure 2.). The water depth of the

mooring sit r ranges from !!im to t3m, and there exist
two break~vaters in the vicinity of the model. One of

them is lo rated about 30nl east of the model, and the

other, the southeastward breakwater, ranges from

northwest to southeast,. The model is tightly fixed
to four dolphins, of which three dolphins lie in the
east side of the model and the remaining one does in

the south side. However, the vertical displacement of

the model is not restricted.

Two sets of thermometers are set at two different

positions on the Mega-float model in order to clarify
to what extent the sea-surface covering effect of the

model affects the vertical distribution of water tem-

perature around the model. Each set of thermome-
ters consists of eleven sensors of water temperature,
which are distributed along a single line at 0.5m or

1.Om spaces between two adjacent sensors (hereafter
called “ thermistorchain” ). Ballast chains of 5kg were

attached to the bottom end of each thermistorchain
so that they could not, be moved by current. One
of these two thermistorrhains is fixed to the vertical
wall insicle a manhole at the center of the Mega-float

model (St at ion A in Figure 2), and the other one is
set at the northwest corner of the model (Station B in
Figure 2). Since these two thermistorchains are fixed

to the floating structure, the vertical location of ther-
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Figure 2: Mooring site in the vicinity of Mega-float
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mometer keeps its constant depth under the water
surface, regardless of change of the surrounding sea

level, The clearances between the lowest thermonle-

ters and sea-bed were determined so that the lowest

thermometers may not touch sea-bed even under the
low water level, To the thermistorchain located at

the northwest corner (Station B), two salinometers
are tied at two vertical locations along the thermis-

torchain as shown in Figure 3. Table 2 shows spec-
ifications of sensors used for temperature and salin-
ity measurements. The measured temperature and

salinity are stored continuously in DSU (Data Store

Unit ) at 10 minute interval. The measurement of
water temperature and salinity was started on 9th of

August, 1996, and was continued till December 1998.

2.2 Results and discussion

Figures 4 and 5 show the time series of 24 hours’
moving average of water temperature from August

1996 to July 1997 around the Mega-float model. In
the figure, temperature of three vertical points at
each station are shown as representatives. In summer
season with high atmospheric temperature and large
solar radiation, there exist vertical gradient of wa-
ter temperature, where the water temperature near
the surface is higher than those near the bottom.
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Figure 3: Setup of Water Temperature and Salinity Measurement

Tablel: Specifications of Sensors lJsedfor Temperature the other station (Station B) is located at open sea.

However, it can be said that there was little difference
of water temperature between the two measurement

stations from Figures 4 and 5. In order to investi-

gate the influence of the floating structure in detail,

a histogram of temperature difference between Sta-

tion A and Station B is shown in Figure 7. It is found
that the difference of temperature is under 0.3 “C for

97.4% of the total data, and it is under 0.5 “C for

99.4’%0 of the total data, It is because tidal current
and corresponding drift of water body are large in

comparison with the horizontal scale of the floating

structure in the present case. The horizontal drift of
water body by tidal current can be estimated to be

several kilometers when the maximum current speed
is several tens centimeters per second. Therefore, it
is supposed that there is little water which stays be-

low the floating structure during a tidal period,

Figure 8 shows the cross correlation coefficient of
water temperature variation at Station A and B. The

correlation between the two stations is very strong
and the correlation coefficient becomes largest when

the phase difference is about 10 minute. Figure 9
shows the scattering diagram of current velocity be-
low the floating structure, which is measured with

.kDCP provided by TRAM, It shows that the current
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on the other hand, in winter season with low atmo-
spheric temperature and small solar radiation, the

vertical difference of water temperature was scarcely
seen. Figure 6 shows the time series of 24 hours’ mov-

ing average of salinity from January to June 1997 at
St at,ion B. It is found that both of vert ical difference

and temporal variation of salinity are larger in sum-
mer than winter.

The primary purpose of the present, measurement

is to clarify the influence of sea-surfare covering ef-
fect of a large floating structure. For this purpose,

one of the measurement stations (Station A) is lo-
cated at the center of the Mcga-float model where
the sea surface is covered by the floating body, and
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Figure 4: Time series of water temperature observed at

Station A

velocity under the floating structure flows toward

southwestward direction with average velocity of 0.08

m/see. From these facts, it is indicated that the wa-
ter temperature change under the float ing structures

strongly affected by the that, at north part of the

Mega-float model.

3 NUMERICAL SIMULATION OF
PHYSICAL ENVIRONMENT

3.1 Description of numerical nlodel and con-
ditions for calculation

Another indispensable method for the environ-
mental impact assessment of JTLFS is numerical sim-
ulations. ,klthough some numerical simulations had
been carried out to examine the en~-iroument al in-

pact of VLFS, they intended to reproduce the sea-

sonally averaged filed under the constant boundary

ronclitions. However, numerical simulations with
temporary varying boundary conditions are neces-
sary in order to verify the applicability of a numeri-

cal model for clynamirally changing real phenomena.
‘rhe continuous observation data around the lfega-
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Figure 5: Time series of water temperature observed at

Station B

float model is very useful for the verification of the re-
sults of numerical simulations. In the present study,

the time series of observed field data such as solar

radiation, wind, and so on were used as the bound-

ary conditions of the numerical simulation in order

to compare the numerical results with field data di-
rect ly.

A multilevel model which have been developed for
the calculations of estuary circulation was employed

for the numerical simulation of marine environment

around Mega-float model. The basic equations for
current are Reynolds’ equation, in which hydrostatic

approximation is used in vertical motion, and the

equation of continuity:

(3)
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Figure 6: Time series of salinity observed at Station B

(4)

In these equations, ~ is Coriolis parameter; t is time;

p is the density of sea water; p. is a constant refer-
ence density; p is the pressure; g is the acceleration

of gravity; AM is the coefficient of horizontal eddy
viscosity; and Kjtf is the coefficient of vertical eddy

viscosity. Water temperature T and salinity S are
also calculated by the following equations:

where .4c is the coefficient of horizontal eddy clif-

fusivity, IiC is the coefficient of vertical eddy diffu-
sivity, and R is river discharge per unit time, which

flows into the volume IIR which is taken to be the
volume of the top level mesh where the river mouth

is located. The density of sea water is assumed to

be a function of temperature and salinity, and it is
evaluated by the following formula:

p = 1028.14 – 0.0735T – 0.00469TZ

+(0.802 – 0.002T)(S – 35.0) (7)

At the sea bottom and at the closed boundary, no-

slip condition is used and the heat and salinity fluxes
through the boundaries are assumed to be zero. At

the open boundary, the sea level and the salinity of
outer sea are given, and gradients of current velocity
and water temperature are assumed to be zero. At
the surface oft he sea, the wind stress T, upward heat
flux per unit time and per unit area Q~, and salinity
flux Q,$, are given as follows:
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Figure 7: Histogram of temperature difference between

Station A (T~) and Station B (~B) (August

June 1997: total number of data N=45441)
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Figure 8: Cross correlation coefficient of water temper-

ature at Station A and B (August to December 1996)

T= Pac’dwlwl (8)
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Figure 9: Scattering diagram of current velocity under

the Mega-float model observed by ADCP in October

1996

QT = –Q, +Q~+Q. +Q. (9)

Qs = S(P, – J%p) (lo)

where pa is the density of the atmosphere; cd is the

drag coefficient at the sea surface; W’ is wind vector;

P, is precipitation rate; and Euap is evaporation rate.
The heat flux through the sea surface Q~ is assumed
to be composed of four components: global solar ra-

diation Q., effective back radiation Q~, latent heat

transport by evaporation Q., and sensible heat trans-
port by convection or conduction Q,. Q,, Qb, Qe, Q.,

and EvaP are Calculated by using atmospheric data,
such as wind speed, atmospheric temperature, va-

por pressure or relative humidity, cloud amount, and
precipitation.

When the sea water stratifies, the density gradi-
ent suppresses the vertical turbulent t ransportat ion

of moment urn, heat, and salinity. In order to con-
sider this effect, the following formulae are used for

evaluating vertical eddy viscosity and diffusivity co-

Table 2: Parameters used in the numerical simulation

efficient.

Symbol Value

g(m/s2) 9.807
f(rad/s) 8.42 X 10 – 5

P0(k9/rn3) 1020.0

‘4Af(m2/s) 95.1
K.\fo(?n2/s) 0.0001

A~(m2/s) 19.0

Y 0.0026

cd 0.0015

Pa(k9/m3) 1.147

~p( J/?ig/K) 3.930 x 103

~{hf
— = (1+ 5.2&)-’
A-.wo

(11)

I<c—=
A-,~~

(1+ +3)-’”’ (12)

where K.wo is the vertical eddy viscosity coefficient

under homogeneous condition, and I& is the Richard-

son Number defined as the following formula.

~, = _ 9 ~P/~~
%

p(a7/(3z)2
(13)

By using the numerical model described above, the

physical environment such as current, water temper-
ature and salinity in Tokyo Bay were calculated for
the summer of 1996, The main parameters used in

the simulation are shown in Table 2,

3.2 Results and discussion

Figure 10 shows time series of water tempera-
ture, salinity observed off Oppama from 8 August

to 8 September in 1996, In the figure, water tem-
perat ure off Negishi and off Makuhari, which were
measured and provided by other institutes, are also

shown ( see Figure 1 for the locations). Figure 11

shows time series of the amount of solar radiation,

atmospheric temperature and wind velocity observed
off Oppama, and sea level at Yokosuka during the

same period.

For the water temperature at upper layer, the di-

urnal change is much larger than the semidiurnal

change. It is because the sea water near the sur-

face is strongly affected by solar radiation. On the
other hand, semidiurnal mode is as large as diurnal

one for the water temperature at lower layer. The
amplitude of semidiurnal mode changes for the pe-
riod of about half a month, which is corresponding

to spring-neap tidal cycle. The vertical gradient of
water temperature disappears when solar radiation is

relatively small. However, the st ratificat ion remains



~peratwe of SeaWater(C) , ~~lzu Rad,at,on (J/m’/s)

26

24

22

20

18 I I I I I )

8.8 8.10 8.12 8.14 8.16 8.18 8.20 8.22 8.24 8.26 8.28 6.30 9.’1 9,3 9.5 9,7 9.9

3Sp ty (mu)

33

32

31

30

29

28

27

26

8.8 8.10 8.12 8.?4 8.16 818 8.20 8.22 ~.; 826 8.28 8.30 9.1 9.3 9.5 9.7 9.9

~amperature of Sea Water lt)

26

24

22

20

18

8.8 .3,10 8.12 8.14 8.16 6.18 8.20 &22 &24 13.26 8.28 8,30 9.1 9.3 9.5 9.7 9.9

E“p’ratur’“f*’ “ate’ ‘r)
28
27
26

25
24
23
22
21

20
19

8.8 8.10 8.12 814 8.16 8.18 8.20 &22 824 8.26 8,28 8.3D 9.1 9.3 9.5 9.7 9.9
Dam

Figure 10: Time histories of water temperature, salinity

observed off Oppama, water temperature observed off

Negishi, and water temperature observed off Makuhari

(8 August -8 September, 1996)

almost, always during the period of ueap tide, when
tidal currents are relatively small. At western coast

of the bay, Oppama and Negishi, there were sud-

den drop of water temperature at about 15 August.
At the same time, salinity increased rapidly. This

phenomenon was clue to coastal upvwlling caused by

strong southwest erly wind.

Figure 12 shows corresponding numerical results
of water temperature and salinity off Oppama, off

Negishi, and off Makuhari. The temporal and spatial

difference of amplitude of diurnal and semidiurnal
change of water temperature and salinity shows same
tendency as the field data. The temperature change
by coastal upwelling observed at about 15 August
is also described successfully. However, the salinity
restoration after the upwelling cannot be reproduced

well. One of the reason is supposed that the accuracy

of river clischarge data was not enough.

It can be said that, the numerical model used in
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Figure 11: Time histories of the amount of solar radi-

ation, atmospheric temperature and wind velocity ob-

served off Oppama. and sea level at Yokosuka (8 August

-8 September, 1996)

the present study can predict the dynamic change of
physical environment in estuaries fairly well.

4 RESEARCH PLAN FOR PHASE-2
MODEL

In Phase-1 experiment the authors mainly inves-

tigated the oceanophysical environment such as wa-

ter temperature and salinity around the Mega-float
model. It was found that the influence of Phase-

1 model on the surrounding physical environment is

almost negligible. One oft he reason is supposed that
the floating structure model of Phase-1 experiment
was not so large. Therefore, the authors decided

to continue the monitoring of physical environment
for Phase-2 model, which has much larger horizontal
scale than Phase- 1 model. The measurement started

July 1999, and are also carried out at two different
stations below and around the Mega-float model.
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ment around large artificial structures under the co-
operation of TRAM. By the continuous monitoring

of the marine environment around Mega-float model,
precious filed data was obtained not only for the in-
~restigatiou of the influences of VLFS on physical en-

vironment, but also the grasp of the actual dynamic

process of the coastal phenomena. It is also found

that the present numerical model can be an effective

tool to predict the dynamic oceanophysical process in
the estuary. The research about marine environment

around Mega-float is still cent inued, and more de-

tailed information about the phenomena in the mea-
surement area are expected to be obtained.

The authors wish to express sincere thanks to

the TRAM, which kindly cooperated in the present
study.
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5 CONCLUDING REMARKS

The university researchers including authors
have carried out the investigate ion of marine environ-


